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Description

BEARING TEMPERATURE AND FOCAL

SPOT POSITION CONTROLLED ANODE

FOR A CT SYSTEM

Background of Invention

[0001] The present invention relates generally to computed to-

mography (CT) imaging systems and more particularly, to

a system for maintaining bearing temperatures of an an-

ode as well as minimizing focal spot displacement due to

thermal expansion of anode related components.

[0002] a CT imaging system typically includes a gantry that ro-

tates at various speeds in order to create a 360° image.

The gantry contains an x-ray source, such as an x-ray

tube that generates x-rays across a vacuum gap between

a cathode and an anode. The anode has a target that is

coupled to a stem, which rotates on a pair of anode bear-

ings. X-rays are emitted from the target and are projected

in the form of a fan-shaped beam, which is collimated to

lie within an X-Y plane of a Cartesian coordinate system,



generally referred to as the "imaging plane". The x-ray

beam passes through the object being imaged, such as a

patient. The beam, after being attenuated by the object,

impinges upon an array of radiation detectors. Each de-

tector element of the array produces a separate electrical

signal that is a measurement of the beam attenuation at

the detector location. The attenuation measurements from

all the detectors are acquired separately to produce a

transmission profile for generation of an image.

[0003] it j S desirable to increase gantry rotating speeds and CT

tube peak operating power such that quicker imaging

times and improved image quality can be provided. In or-

der to do so certain requirements must be satisfied, such

as the ability to operate the anode bearings within a wide

range of the power spectrum, i.e. approximately 0-8kw.

However, the dry lubrication typically used in the bearings

has an optimal operating temperature range of approxi-

mately 400°C-550°C. Large fluctuations in power spec-

trum operation can result if the bearings are operated

outside this temperature range.

[0004] Also, it is further required that focal spot displacement, in

the anode axial direction, should be minimized during

operation of a CT system. Thermal expansion of the stem



and other anode related components, however, can cause

the position of the target to change and thus the location

of the focal spot to change. This focal spot displacement

can negatively affect performance of a CT system.

[0005] Current anode designs are unable to satisfy the above-

described requirements. Thus, there exists a need for an

improved CT system that maintains bearing operating

temperature of an anode within a desired operating range

and minimizes focal spot displacement of that anode.

Summary of Invention

[0006] The present invention provides an anode assembly for a

computed tomography (CT) system. The anode assembly

includes a thermally conductive bearing encasement cov-

ering a portion of a bearing. An anode rotates on the

bearing and has a target with an associated focal spot.

The thermally conductive bearing encasement is config-

ured and expansion is limited to prevent displacement of

the focal spot greater than a predetermined displacement

during operation of the anode.

[0007] The embodiments of the present invention provide several

advantages. One such advantage is the provision of a

thermally conductive bearing encasement that is thermally

conductive and expansion limited to allow thermal energy



transfer therethrough and minimize anode focal spot dis-

placement. The bearing encasement aids in maintaining

bearing operating temperature to be within a desired

temperature range.

[0008] Another advantage provided by an embodiment of the

present invention, is the provision of a heat shield that

has a predetermined height to allow thermal energy

transfer between an anode and a set of bearings of an an-

ode assembly as well as temperature continuity between

bearings.

[0009] yet another advantage provided by an embodiment of the

present invention, is the provision of a heat shield that

has multiple holes for the transfer of thermal energy be-

tween an anode and a set of bearings of an anode assem-

bly.

[0010] The above stated advantages allow for the control of ro-

tating anode bearing temperatures and focal spot dis-

placement during operation of a CT system. This capabil-

ity allows for increased gantry rotating speeds and the

satisfaction of increased CT tube peak power require-

ments.

[001 1] The present invention itself, together with attendant ad-

vantages, will be best understood by reference to the fol-



lowing detailed description, taken in conjunction with the

accompanying figures.

Brief Description of Drawings

[0012] For a more complete understanding of this invention ref-

erence should now be had to the embodiments illustrated

in greater detail in the accompanying figures and de-

scribed below by way of examples of the invention

wherein:

[0013] Figure 1 is a perspective view of a CT imaging system in

accordance with an embodiment of the present invention;

[0014] Figure 2 is a schematic block diagrammatic view of the CT

imaging system in accordance with an embodiment of the

present invention;

[0015] Figure 3 is a cross-sectional perspective view of an anode

assembly incorporating a bearing encasement and heat

shield in accordance with an embodiment of the present

invention;

[0016] Figure 4 is a graph of expansion versus temperature for

multiple control expansion alloys; and

[0017] Figure 5 is a graph of rust percentage versus nickel per-

centage for annealed and cold worked control expansion

alloys.

Detailed Description



[0018]
| n the following figures the same reference numerals will

be used to refer to the same components. While the

present invention is described with respect to maintaining

bearing temperatures of an anode as well as minimizing

focal spot displacement due to thermal expansion of an-

ode related components, the present invention may be

adapted and applied to various systems and components

of a CT or x-ray system.

[0019]
| n the following description, various operating parameters

and components are described for one constructed em-

bodiment. These specific parameters and components are

included as examples and are not meant to be limiting.

[0020] Referring now to Figures 1 and 2, perspective and

schematic block diagrammatic views of a CT imaging sys-

tem 10 in accordance with an embodiment of the present

invention are shown. The imaging system 10 includes a

gantry 12 that has an x-ray source or x-ray tube assem-

bly 14 and a detector array 16. The tube assembly 14

projects a beam of x-rays 18 towards the detector array

16. The tube assembly 14 and the detector array 16 rotate

about an operably translatable table 20. The table 20 is

translated along a z-axis between the tube assembly 14

and the detector array 16 to perform a helical scan. The



beam 18 after passing through the medical patient 22,

within the patient bore 24, is detected at the detector ar-

ray 16. The detector array 16 upon receiving the beam 18

generates projection data that is used to create a CT im-

age.

[0021] The tube assembly 14 and the detector array 16 rotate

about a center axis 26. The beam 18 is received by multi-

ple detector elements 28. Each detector element 28 gen-

erates an electrical signal that corresponds to the intensity

of the impinging x-ray beam 18. As the beam 18 passes

through the patient 22 the beam 18 is attenuated. Rota-

tion of the gantry 12 and the operation of tube 14 are

governed by a control mechanism 30. The control mecha-

nism 30 includes an x-ray controller 32 that provides

power and timing signals to the tube 14 and a gantry mo-

tor controller 34 that controls the rotational speed and

position of the gantry 12. A data acquisition system (DAS)

36 samples the analog data, generated from the detector

elements 28, and converts the analog data into digital

signals for the subsequent processing thereof. An image

reconstructor 38 receives the sampled and digitized x-ray

data from the DAS 36 and performs high-speed image re-

construction to generate the CT image. A main controller



or computer 40 stores the CT image in a mass storage

device 42.

[0022] The computer 40 also receives commands and scanning

parameters from an operator via an operator console 44.

A display 46 allows the operator to observe the recon-

structed image and other data from the computer 40. The

operator supplied commands and parameters are used by

the computer 40 in operation of the control mechanism

30. In addition, the computer 40 operates a table motor

controller 42, which translates the table 20 to position the

patient 22 in the gantry 12.

[0023] Referring now to Figure 3, a cross-sectional perspective

view of an anode assembly 50 that incorporates a bearing

encasement 52 and a heat shield 54 in accordance with an

embodiment of the present invention is shown. The anode

assembly 50 includes a rotating anode 56 having a target

58 with an associated focal spot 60. The anode 56 rotates

on a bearing shaft 62 via a pair of bearing sets 64. The

heat shield 54 resides between the anode 56 and the

bearings 64. The bearing encasement 52 and the heat

shield 54 maintain operating temperature of the bearings

64 and are thermally expansion limited. The bearing en-

casement 52 and the heat shield 54 in maintaining oper-



ating temperature of the bearings 64 prevent thermal ex-

pansion of other anode related components within the an-

ode assembly. Prevention of thermal expansion of anode

assembly components prevents displacement of the focal

spot. Impinging electrons 66, resultant emitted x-rays 68,

and a sample focal spot displacement D are shown. The

focal spot displacement D is not shown to scale, may vary

in size depending upon the application, and is minimized

in size by the bearing encasement 52.

[0024] The bearing encasement 52 encases a front set of bear-

ings 70 and a rear set of bearings 72. The bearing en-

casement 52 includes a bearing housing 74 and a stem

76. The housing 74 contains the front bearings 70 and

the stem 76 contains the rear bearings 72. The stem 76

may overlap the housing 74 as shown. The housing 74

and the stem 76 may be in the form of a single integral

unit or may be separate components, as shown. The bear-

ings 64 may have a dry lubrication applied to them, such

as a graphite-based lubricant. In one embodiment of the

present invention, the lubrication utilized has a desired

temperature operating range of 400-550°C.

[0025] The bearing encasement 52 is formed of one or more

control expansion alloys depending upon the application.



Examples of some control expansion alloys are 36 alloy,

39 alloy, 42 alloy, 45 alloy, 49 alloy, Invar 36® Alloy, Ko-

var® Alloy, Ceramvar® Alloy, and Inco 909. These alloys

have varying percentages of iron, nickel, and cobalt con-

tent. Table 1 provides thermal conductivity, yield strength,

and elastic modulus values for some of the above-

mentioned alloys. Table 1 also provides thermal conduc-

tivity, yield strength, and elastic modulus values for a typ-

ical glidcup. A glidcup is commonly formed of copper and

does not provide the thermal conductivity and expansion

characteristics desired.

[0026] [Table 1 - Control Expansion Alloy Characteristic Values]

36 Alloy 39 Alloy 42 Alloy 49 Alloy Kovar Al-

loy

Inco 909 Glidcup

Thermal

Conductiv-

ity

(Btu-in/hr-

sq ft-deg

F)

72.6 73.5 74.5 90 130.3 137.3 1872

Yield

Strength

(ksi)

40 40 40 40 32.6 139.2 75

Elastic

Modulus

(10"6psi)

20.5 21 21 24 22.9 23.8 18.8

[0027] when forming the bearing encasement 52 the control ex-

pansion alloys are selected based on the application of in-



terest. Desired bearing temperature operating range and

maximum allowable focal spot displacement are also con-

sidered. The control expansion alloys are selected to pre-

vent focal spot displacement of greater than a predeter-

mined displacement. In one embodiment of the present

invention, the maximum focal spot displacement or the

predetermined displacement is approximately 700um. In

the stated embodiment, control expansion alloys are se-

lected to prevent anode assembly components from ther-

mally expanding to such an extent that causes the focal

spot to displace more than 700um from an initial position.

When a smaller amount of thermal energy transfer and a

lower amount of focal spot displacement is desired a

higher volume of 36 Alloy may be used over that of the 49

Alloy.

[0028] The control expansion alloys prevent the bearing encase-

ment 52 from thermally expanding along with the anode

56 in a forward direction longitudinally along a center axis

80 of rotation of the anode assembly 50. A plot of thermal

expansion versus temperature for a high expansion alloy

22-3, a high expansion alloy 12-4, a low carbon steel, a

49% nickel alloy, a 42% nickel alloy, a 39% nickel alloy, and

a 36% nickel alloy is shown in Figure 4 and designated by



numerals 82, 84, 86, 88, 90, 92, and 94, respectively.

Note that in general the smaller amount or percentage of

nickel contained within a material the smaller the amount

of thermal expansion of that material.

[0029]
| n selecting alloys for use in the bearing encasement 52,

although the lower the percentage of nickel the less the

thermal expansion of the material, the lower the percent-

age of nickel the higher the percentage or chance for rust,

as is shown in the bar graphs of Figure 5. Hatched bars 96

represent annealed materials and solid bars 98 represent

cold worked materials. Rust percentages for annealed and

cold worked materials containing 0%, 30%, 36%, 41%, 48%,

50.5%, and 80% nickel are shown. Since rust can cause

degradation of system components and can result in a

poorly operating or inoperable component, it is desirable

to minimize the amount of potential rust. Thus, several of

the embodiments of the present invention utilize alloys

having nickel percentages between 36 and 49, which pro-

vide low expansion characteristics and mild to low levels

of rust.

[0030] Thus, alloys are selected for use in the bearing encase-

ment 52 in response to maximum focal spot displace-

ment, bearing operating temperature, material thermal



conductivity, elastic modulus, and desired rust levels. Al-

loy selection may also be performed in response to other

anode assembly and material characteristics known in the

art.

[0031] Referring again to Figure 3, although the heat shield 54

prevents thermal energy transfer between the anode 56

and the bearings 64, the heat shield 54 may have a radial

height H that is less than a predetermined height for ther-

mal energy passage between the anode 56 and the bear-

ings 64 to a certain extent. The thermal energy passage

may occur for temperatures that are greater than a prede-

termined threshold. In having the radial height H less than

a predetermined height, the heat shield 54 provides tem-

perature continuity between the bearings 64. The front

bearings 70 are able to increase to a temperature that is

approximately the same as that of the rear bearings 72,

which provides rotational uniformity of the anode 56 on

the shaft 62.

[0032] The heat shield 54 may also have any number of thermal

energy transfer holes 96. The holes 96 also allow for ther-

mal energy transfer between the anode 56 and the bear-

ings 64. Depending upon the configuration of the holes

96 a greater amount of thermal energy may be directed



towards the front bearing 70 or the rear bearing 72. The

holes 96 may be of various size and shape and may be in

various configurations across the heat shield 54.

[0033] The present invention provides an anode assembly with a

system for controlling the temperature of the bearings

therein. The assembly prevents the displacement of the

focal spot of the anode assembly and allows for thermal

energy transfer between the anode and the bearings. This

anode assembly allows for increased gantry operating

speed and increased x-ray source power requirements

and maintains bearing operating temperature to be within

a desired temperature range.

[0034] while the invention has been described in connection with

one or more embodiments, it is to be understood that the

specific mechanisms and techniques which have been de-

scribed are merely illustrative of the principles of the in-

vention, numerous modifications may be made to the

methods and apparatus described without departing from

the spirit and scope of the invention as defined by the ap-

pended claims


